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* NOTICES* 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 


CLAIMS 


[Claim(s)] 

[Claim 1] C: 0.15 - 0.50 % of the weight, Si: 0.30 or less % of the weight Mn:0.3-1.0 % of the 
weight P:0.03 % of the weight or less, S:0.01 % of the weight or less, Ti:0.01-0.15 % of the weight, 
B:0.0005 - 0.0050 % of the weight, N:0.01 % of the weight or less, and aluminum:0.02-0.10 % of the 
weight are included. The remainder has substantially the presentation to which it is satisfied with 
Fe of [%P] <=6x[%B]+0.005. The low-alloy-steel steel plate excellent in the high-speed heat 
treatability which presents a mixed organization or a bainite texture with a ferrite, a pearlite, or 
bainite and by which surface roughness is adjusted to Ra<=5micrometer, and the fatigue 
property after heat treatment 

[Claim 2] C: 0.1 5 - 0.50 % of the weight, Si: 0.30 or less % of the weight Mn: Less than [ Cr:0.5 % 
of the weight] is included 0.3 - 1.0 % of the weight P:0.03 % of the weight or less, S:0.01 % of the 
weight or less, Ti:0.01-0.15 % of the weight, B:0.0005 - 0.0050 % of the weight, N:0.01 % of the 
weight or less, and aluminum:0.02-0.10% of the weight The remainder has substantially the 
presentation to which it is satisfied with Fe of [%P] <=6x[%B]+0.005. The low-alloy-steel steel 
plate excellent in the high-speed heat treatability which presents a mixed organization or a 
bainite texture with a ferrite, a pearlite, or bainite and by which surface roughness is ac(justed to 
Ra<=5micrometer, and the fatigue property after heat treatment. 


[Translation done.] 
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** NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 


DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Industrial Application] After this invention irradiates high density energy beams, such as an 
electron beam, and heats the steel plate surface section, it is suitable for rapid heat treatment 
which forms a hardening layer in a surface by carrying out self-cooling, and it relates to the low- 
alloy-steel steel plate excellent in the fatigue property after heat treatment. 
[0002] 

[Description of the Prior Art] It was common to perform hardening processing of carburization, 
nitriding, etc. to plain steel in the machine part for automobile loading, in order to secure 
reinforcement, a fatigue property, and abrasion resistance, or to have used special steel, carrying 
out hardening annealing. In recent years, in order to plan cost reduction, the approach of carrying 
out local heat treatment only of the part where reinforcement a fatigue property, toughness, 
abrasion resistance, etc. are demanded is adopted. As local heat treatment, the approach of 
carrying out high frequency induction heating of the need part the method of irradiating a high 
density energy beam and heating it, etc. are adopted. Especially the heat-treating method using 
a high density energy beam has the advantage which can heat-treat only the necessary minimum 
part of components with a complicated configuration. 

[0003] In heat treatment using a high density energy beam, while optimizing the workability and 
reinforcement of a raw material according to the components and part to apply, it is required 
that the fatigue property according to desired reinforcement and a desired application, abrasion 
resistance, etc. should be given to the heat treatment section by which the high density energy 
beam exposure was carried out About the workability of a raw material, even if it is a hard 
bainite texture and the low pearlite organization of deformability as compared with the 
organization where carbon steel with a difficulty also has a spheroidal carbide in workability with 
an advance of a processing technique depending on a processing gestalt conventionally, it is 
becoming processible. 

[0004] However, the workability of a steel plate with a pearlite organization is still low, and 
although workability like a steel plate with a balling-up carbide organization is not needed, it is 
required that workability should be improved as much as possible. Furthermore, it is necessary to 
raise material properties, such as heat treatability using a high density energy beam, and a 
fatigue property after heat treatment. Moreover, to use special steel for the severe application 
of processing, while raising workability by considering as a balling-up carbide organization and it 
is required to raise the heat treatability using a high density energy beam exposure, in the case 
of bending, slight spinning, bulging, burring, etc., importance is not attached so much to 
workability, but improvement in the heat treatability by the high density energy beam, 
improvement in the fatigue property after heat treatment, etc. are required rather. Furthermore, 
since the heat treatment section heated by the high density energy beam exposure is high- 
intensity-ized, it is necessary to change a front face into a smooth condition as much as 
possible from a fatigue property or a wear-resistant viewpoint 

[0005] The approach of forming a hardening layer in a steel plate front face by high density 
energy beam exposure is introduced to JP.10-121 125,A. By this approach, using an electron 
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beam as a high density energy beam, if it puts in another way in the depth of melting and the 
coagulation section at the time of heat treatment and a heat affected zone, the depth of a 
hardening layer will be secured. An object steel type is a comparatively general steel type called 
tool steel, such as alloy steel, such as carbon steel, such as S50C and S10C, SNCM, and SCR, 
SCM, and SK, SKS, and is not a steel type in consideration of the heat treatability by high 
density energy beam exposure, or the workability and the moldability before heat treatment 
Moreover, by optimizing the output of a high density energy beam, and irradiation time according 
to the width of face of the fusion zone by high density energy beam exposure, and working 
speed, flapping on the front face of a steel plate is controlled, and maintaining the surface state 
of the surface treatment section influenced by the melting depth good is also indicated. 
However, in heat treatment using a high density energy beam, it lenticulated from the result of 
the examination and research by this invention person etc., crater-like surface discontinuity 
arose also in except and it became clear to degrade the engine performance. 
[0006] The method of performing heat treatment penetrated in the direction of board thickness 
is also learned, using a laser beam as a high density energy beam (JP,6-73438,A, JP.6-73439A 
JP,6-73440,A, JP.6-73441 A JP.6-73442.A, JP,6-73443,A). For example, in JP,6-73440,A, the 
steel plate in which heat treatment by laser beam exposure is possible is introduced, maintaining 
the balance of workability and the amount of on-the-strength lifting according to a convention of 
an alloy content about a steel plate with a pearlite or a cementite, and a ferrite. Moreover, in 
JP,6-73438,A, the heat treatability by the laser beam exposure aiming at the balance of 
workability and the amount of on-the-strength lifting is improved by adjusting the alloy content 
of a steel plate with bainite and a ferrite. However, although the surface state of neither after a 
laser beam exposure is also clear and reinforcement is taken up about the material property 
after a laser beam exposure, it is not indicated about a fatigue property. 
[0007] 

[Problem(s) to be Solved by the Invention] Thus, in heat treatment using the high density energy 
beam exposure currently indicated conventionally, the depth (depth of a hardening layer) of 
melting, the coagulation section, and a heat affected zone is enlarged more, and the surface 
treatment section influenced by the melting depth is maintained at a good surface state, and it is 
not clarified enough about the steel plate which was further excellent in the fatigue property 
after heat treatment. Then, this invention enlarges more the depth of the hardening layer 
produced by the exposure of a high density energy beam, maintains the surface state of the 
surface treatment section influenced by the melting depth good, and aims at offering the steel 
plate which was further excellent in the fatigue property after heat treatment 
[0008] 

[Means for Solving the Problem] In order that the low-alloy-steel steel plate of this invention 
may attain the object, C: 0.1 5 - 0.50 % of the weight, Si: 0.30 or less % of the weight, Mn: 0.3 - 
1.0 % of the weight P:0.03 % of the weight or less, S:0.01 % of the weight or less, Ti:0.01-0.15 % of 
the weight B:0.0005 - 0.0050 % of the weight, N:0.01 % of the weight or less, aluminum:0.02-0.10 
% of the weight and CrO-0.5 % of the weight are included. The remainder has substantially the 
presentation which is satisfied with Fe of [%P] <=6x[%B]+0.005, a mixed organization or a bainite 
texture with a ferrite, a pearlite, or bainite is presented, and it is characterized by adjusting 
surface roughness to Ra<=5micrometer. 
[0009] 

[Function] this invention person etc. investigated and studied many things about the conditions 
from which the low alloy steel which was excellent in workability and was excellent in the heat 
treatability by high density energy beam exposure and the fatigue property after heat treatment 
is obtained. It is estimated that what has the deeper hardening layer in the direction of board 
thickness formed by heat treatment is better as for the heat treatability by high density energy 
beam exposure. If a hardening layer is deep, abrasion resistance and endurance improve, and 
since surface compressive residual stress can be enlarged, fatigue strength will also improve. 
Then, this invention person etc. heat-treated the steel plate which has various presentations, 
using an electron beam as a high density energy beam, and investigated the effect an alloy 
presentation affects heat treatability. Consequently, to common carbon steel and steel for 
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machine structural use, it solved it was effective to make it a ferrite + pearlite organization, a 
ferrite + bainite texture, or a bainite texture rather than having considered a raw material as a 
balling-up carbide organization. 

[0010] If the steel plate of a ferrite + pearlite organization, a ferrite + bainite texture, or a bainite 
texture is heat-treated by high density energy beam exposure, when heated more than the 
alpha->gamma transformation point, since a pearlite and bainite are quicker than a spheroidal 
carbide, as for the rate which dissolves in gamma, a hardening layer will become deeper. 
Moreover, in a steel plate with a ferrite + pearlite organization, a ferrite + bainite texture, or a 
bainite texture, if C, Si, Mn, and the amount of CKs) are adjusted so that workability may not be 
degraded, and hardenability is further raised by B addition of optimum dose, a still deeper 
hardening layer will be formed. 

[001 1] The shape of table planarity of a hardening layer is influenced by the surface roughness 
of a raw material steel plate. If the surface roughness before heat treatment is large, it will 
become easy to generate crater-like surface discontinuity on the heat-treated steel plate front 
face. In case the bottom of the crevice in a steel plate front face fuses generating of crateHike 
surface discontinuity by high density energy beam exposure, it is guessed that a cause is to 
involve in the gas generated from the fats and oils which remained at atmospheric air or a 
bottom, dirt, etc. CrateHike surface discontinuity presents the notch effect which degrades a 
fatigue property while having an adverse effect on abrasion resistance. The research result by 
this invention person etc. showed not generating on the steel plate front face after the crater- 
like surface discontinuity which has an adverse effect on abrasion resistance or a fatigue 
property heat-treating, when setting surface roughness of a raw material steel plate to 
Ra<=5micrometer. 

[0012] Adjustment of P and B can be considered as a general policy which improves a fatigue 
property of a minute amount addition component That is, the amount of P which it segregates 
[ amount ] to a grain boundary and promotes embrittlement is reduced, and if B which 
segregates to a grain boundary and strengthens a grain boundary is added, a fatigue property will 
improve. Reduction and B addition of the amount of P do not have an adverse effect on the 
workability of the steel plate before heat treatment either. However, reduction of the amount of 
P becomes disadvantageous economically in a steel-manufacture phase. Then, the steel plate to 
which various the amounts of P and the amounts of B were changed was heat-treated by the 
electron beam exposure, the fatigue test of a bending type was presented, and the balance of 
the amount effective in a fatigue limit improvement of P and the amount of B was investigated in 
the detail. Consequently, in the component system specified by this invention, when forming not 
only reduction and B addition of the simple amount of P but the relation of [%P] <=6x[%B]+0.005 
between the amount of P, and the amount of B, it turned out that fatigue strength is improved 
further, without having an adverse effect on workability. 

[0013] As an index of the general improvement in workability, it is mentioned that reinforcement, 
such as hardness and tensile strength, is low, that the elongation acquired by the usual tension 
test is large, etc. In addition to usual blanking nature and bending nature, for the application to 
which heat treatment by high density energy beam exposure is performed, local ductility, such as 
hole expansion property and fine-blanking nature, is needed in many cases. It turned out that 
local ductility has notch **** elongation and a strong correlation from the result of the 
examination and research by this invention person etc. 

[0014] The quality of fine-blanking processing as which local ductility is required is judged with 
the generation difficulty of the fracture surface in a blanking side. It is thought that generation of 
the fracture surface is sensitively caused by the very local defect produced during processing 
deformation. In hole expansion property, local deformation (burring) is further added to the part 
which deformed locally by stamping. Therefore, hole expansion property and fine-blanking nature 
have the notch **** elongation (EIV value) which is the index of local ductility, and a strong 
correlation. In a carbon steel plate, it is mentioned to the cause of generation of a defect with 
local growth (connection) of the micro void produced with carbide (cementite) as the starting 
point It is thought that adjustment of this point the hole expansion property of a carbon steel 
plate, and the metal texture where generation and growth of a micro void will be controlled as 
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much as possible by improvement of notch **** elongation at the time of processing 
deformation if it puts in another way is important It is imagined to be the cause that the micro 
defect to which it does not affect other workability that notch **** elongation is not necessarily 
similarly improved with an improvement of other general workability influences sensitively to 
notch **** elongation. 

[0015] If it was in the steel plate with a ferrite + pearlite organization as a result of repeating 
various experiments based on such consideration, when making a ferrite and a pearlite detailed, 
connection of the micro void which generated the pearlite as an origin was controlled, and it 
checked that local ductility, i.e., notch **** elongation, such as hole expansion property and 
fine-blanking nature, was improved notably. In case the hot-rolled steel strip is rolled round for 
detailed-ization of a ferrite and a pearlite, low-temperature rolling up of 600 degrees C or less is 
preferably effective in it. Although lowering of the amount of C and the amount of Mn is 
advantageous to an improvement of notch **** elongation among the components of a steel 
plate, lowering of the amount of C and the amount of Mn is easy to degrade heat treatability, 
such as reservation of hardenability and hardening hardness. In order to control lowering of heat 
treatability and to improve notch **** elongation, the addition of Ti, B, Cr, etc. of optimum dose 
is effective. If the quality governing of Ti, B, the Cr, etc. is added and carried out, the heat 
treatability by high density energy beam exposure will also improve. 

[0016] Hereafter, an alloy content, a content, etc. which are contained in this invention steel 
plate are explained. 

C content is aimed at the medium carbon steel in the range which is 0.15 - 0.50 % of the weight 
for C:0.15 - 0.50-% of the weight this invention. C is a basic alloy content most in carbon steel, 
and hardening hardness, the amount of carbide, etc. are sharply changed according to C content 
Notch **** elongation improves so that C content is low, but in order to secure sufficient 
hardening hardness, 0.15 % of the weight or more is required. However, if C of the excessive 
amount exceeding 0.50 % of the weight is contained, the manufacturability and the handling 
nature of a steel strip not only worsen, but the toughness after hot-rolling will fall and notch 
**** elongation sufficient after annealing will not be acquired. Therefore, C content was set to 
0.15 - 0.50% of the weight of the range from from [ when obtaining the steel plate which has the 
moderate hardening hardness and the workability by high density energy beam exposure ]. 
[0017] Si: It is the alloy content which affects the notch **** elongation which is local ductile 
indexes, such as 0.30 or less % of the weight hole expansion property and fine-blanking nature, 
and Si of the excessive amount exceeding 0.30 % of the weight hardens a ferrite or bainite 
according to a solid-solution-strengthening operation, and causes crack generating at the time 
of a fabricating operation. Moreover, it becomes easy to generate a scale crack on a steel plate 
front face in a manufacture process with the increment in Si content, and the surface quality of 
a steel plate is reduced. 

Mn: Raise the hardenability of a steel plate 0.3 to 1.0% of the weight and it is an alloy content 
effective also in toughening. In order to acquire sufficient hardenability, 0.3% of the weight or 
more of Mn is required. However, if Mn of the excessive amount exceeding 1.0 % of the weight is 
contained, a ferrite or bainite will harden and workability will fall. 

[0018] although it is the component which has an adverse effect on a fatigue property P:0.03 or 
less % of the weight, until allowance is carried out to some extent by balance adjustment with 
the amount of B. However, if P content exceeds 0.03 % of the weight, the inclination to degrade 
ductility and toughness will become large irrespective of balance adjustment with the amount of 
B. 

It is the iryurious ingredient which forms MnS system inclusion S:0.01 or less % of the weight 
Since notch **** elongation will fall if MnS system inclusion increases in number, S content is 
so desirable that it is low as much as possible. However, if it adjusts to the organization of a 
ferrite + pearlite, there is no need for the formation of super-low S, and even if it is common 
commercial steel, fine-blanking nature and notch **** elongation will be improved. However, 
even if it is in the steel plate which raised C content to about 0.50 % of the weight in order to be 
stabilized and to secure high notch **** elongation, the upper limit of S content is specified to 
0.01% of the weight Moreover, in order to be stabilized and to obtain a steel plate with the 
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dramatically excellent notch **** elongation, it is desirable to **** S content to 0.005 or less % 
of the weight 

[0019] Ti: It is the component used for deoxidation adjustment of molten steel 0.01 to 0.15% of 
the weight, and also present denitrification. Moreover, since N which is dissolving in steel is fixed 
as a nitride, the amount required for an improvement of hardenability of validity B is raised. 
Furthermore, carbon nitride effective in the coarsening prevention at the time of hardening is 
formed. In order to be stabilized and to acquire these operations, 0.01% of the weight or more of 
Ti is required. However, Ti of the excessive amount exceeding 0.15 % of the weight is not only 
economically disadvantageous, but becomes the cause of degrading local ductility, i.e., notch 
**** elongation. 

It is an alloy content required in order to present the operation which raises heat treatability 
substantially by addition of ultralow volume B:0.0005 to 0.0050% of the weight, to be stabilized 
and to obtain hardening hardness. Although such an operation becomes remarkable with 0.0005% 
of the weight or more of B content, it is saturated with the 0.0050 % of the weight of the 
amounts of B, and even if it adds B exceeding 0.0050 % of the weight, toughness deteriorates on 
the contrary. 

[0020] It is the alloy content which presents the operation which combines with Ti N:0.01 or less 
% of the weight serves as TiN, and makes detailed crystal grain at the time of hardening. 
However, if N content exceeds 0.01 % of the weight, ductility will fall. Moreover, superfluous N 
combines with B and consumes the amount effective in an improvement of hardenability of B. 
aluminum: 0.02 - 0.10-% of the weight aluminum is a component used as a deoxidizer of molten 
steel, and also present the operation which fixes N as AIN. Such an operation becomes 
remarkable with 0.02% of the weight or more of aluminum content However, if the amount of 
aluminum in steel exceeds 0.10 % of the weight, the cleanliness of steel will become easy to 
generate a surface crack in a disadvantage crack and a steel plate. 
Cr: It is the alloy content added if needed 0.5 or less % of the weight, and while improving 
hardenability, enlarge resistance to temper softening. However, addition of Cr of the excessive 
amount exceeding 0.5 % of the weight sees the inclination for notch **** elongation and general 
workability to fall. 
[0021] 

[Example 1] The steel of the presentation shown in a table 1 was ingoted. Steel A-D is steel 
with which are satisfied of the component conditions specified by this invention, and [%P] <=6x[% 
B]+0.005. Among comparison steel E-K, although Steel E satisfies [%P] <=6x[%B]+0.005, C 
content is lower than the range specified by this invention. It is not satisfied with the point that 
Steel F has high C content and Ti and B are not added of the conditions specified by this 
invention. Steel G is S35C of a JIS steel type, and is not satisfied with the point that Ti and B 
are not added of the conditions specified by this invention. Steel H is not satisfied with the point 
that there are many amounts of N and Ti and B are not added of the conditions specified by this 
invention. Steel I and J is steel with which are not satisfied of [%P] <=6x[%B]+0.005. It is not 
satisfied with the point that Steel K has high Cr content and Ti and B are not added of the 
conditions specified by this invention. 
[0022] 
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[0023] The steel ingot which cast and obtained each molten steel was hot-rolled, and it 
considered as the hot-rolling plate of 4.0mm of board thickness. The hot-rolling organization was 
changed by changing coil rolling-up temperature at the time of hot-rolling. The front face of the 
test piece cut down from each steel plate was ground with the emery paper with which the yarn 
counts differ, and the sample which changed surface roughness was prepared. And after heat- 
treating under electron beam exposure conditions with a part [ for the acceleration voltage of 
60kV, the beam current of 70mA, the beam amplitude frequency of 1.5kHz, and exposure speed 
4m/j, and an exposure width efface of 10mm, visual observation of the crateHike surface 
discontinuity generated in the heat treatment section was carried out, and it asked for the 
crater-like surface-discontinuity generating number per unit area (/cm2). 

[0024] At the test numbers 1-8 (example of this invention) which adjusted surface roughness to 
0.2-4.8 micrometers of Ra as seen in the table 2 showing the relation between the surface 
roughness of a raw material steel plate, and the crater-like defective generating number, the 
crater-like surface-discontinuity generating number of the heat treatment section is 2 0-2 
pieces/ cm. It has become and the good front face was presented. On the other hand, at the test 
numbers 9-14 (example of a comparison) to which surface roughness was coarsely adjusted with 
5.6-14.7 micrometers of Ra, the crateHike surface-discontinuity generating number of the heat 
treatment section is 2 9-1 9 pieces/cm. As compared with the example of this invention, 
remarkably, and it had become surface [ poor ]. 
[0025] 
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[0026] Furthermore, the test piece was heat-treated for the test piece cut down from each 
steel plate by the electron beam exposure with a part [ for the acceleration voltage of 60kV, the 
beam current of 70mA, the beam amplitude frequency of 1.5kHz, and exposure speed 4m/], and 
an exposure width of face of 10mm, and the cross section hardness of the heat treatment 
section was measured. And the distance to the location blank test piece front face where the 
hardness equivalent to 80% of maximum hardness is obtained was measured, and it considered as 
the depth of a hardening layer. Moreover, after carrying out the electron beam exposure of front 
flesh-side both sides of a test piece on conditions with a part [ for the acceleration voltage of 
60kV, the beam current of 70mA, the beam amplitude frequency of 1 .5kHz and exposure speed 
4m/], and an exposure width of face of 30mm, the fatigue limit was measured by both the swing 
fatigue test (frequency of 23Hz) of plane bending. 

[0027] As compared with the test number 27 (the example of a comparison, steel G) of the 
almost same C content, the hardening layer was as deep as about 350 micrometers, and the 
fatigue property was also excellent in test numbers 1 5 and 1 6 (example of this invention) so that 
the results of an investigation of a table 3 might see. Although test numbers 17, 18, 21, and 22 
(example of this invention) have C content as low as about 0.2 % of the weight as compared with 
0.34 % of the weight of C contents of a test number 27 (the example of a comparison, steel G), 
the deep hardening layer is formed. Test numbers 19 and 20 (example of this invention) had the 
deep hardening layer as compared with the test number 28 (the example of a comparison, steel 
H) of the almost same C content, and the fatigue property was also excellent 
[0028] test numbers 29 and 30 (example of a comparison) any — [%P] <=6x [%B] the conditions 
of +0.005 are satisfied — not having — the test numbers 15 and 16 (example of this invention) 
with respectively almost same C content And test numbers 19 and 20 (example of this invention) 
The fatigue limit is low although it has the hardening layer depth of the same level. Although test 
numbers 23-25 (example of a comparison) make steel A-C a balling-up carbide organization, 
respectively, as compared with the test numbers 15-20 (example of this invention) with a ferrite 
+ pearlite organization, a hardening layer is shallow and the fatigue limit is also low. In the test 
number 26, since there were few C contents than the minimum specified by this invention, the 
hardening layer was also shallow low, and maximum hardness is on a actual activity and caused 
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[0030] Furthermore, various rolling-up temperature after hot-rolling was changed, and the effect 
to which rolling-up temperature does to the notch **** elongation of a steel plate was 
investigated. By the notch tension test, it is JIS. The tensile test was carried out to the 
crosswise both sides in the parallel part longitudinal direction mid gear of a No. 5 test piece using 
the test piece in which 45 aperture angles and a V notch with a depth of 2mm were formed. And 
EIV which asked for the elongation percentage to 5mm of gauge length containing a V notch 
after fracture of a test piece, and was obtained The value estimated workability. Results of an 
investigation are shown in a table 4. Test numbers 31-38 (example of this invention) are high EIV 
as compared with the test numbers 39 and 40 (example of this invention) to which steel A~D is 
rolled round, and it hot-rolls at the temperature of 600 degrees C or less, and rolls round by the 
same steel type, and temperature exceeds 600 degrees C. The value is shown and it turns out 
that it excels in local ductility. On the other hand, it is EIV even if it rolls round so that test 
numbers 43 and 44 (example of a comparison) may see, when the steel G and H with which are 
not satisfied of the component conditions specified by this invention is used, and temperature is 
600 degrees C or less. The value is low. Moreover, at the test numbers 45 and 46 (example of a 
comparison) rolled round at the temperature which exceeds 600 degrees C, using the steel F and 
K with many C contents and Cr contents, it is EIV. The value was as low as 22% and 27%, and 
inferior to workability. 
[0031] 
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[0032] 

[Example 2] The steel of the presentation shown in a table 5 was ingoted. Steel L-0 is steel with 
which are satisfied of the component conditions specified by this invention, and [%P] <=6x[%B] 
+0.005. Among comparison steel P-U, although Steel P satisfies [%P] <=6x[%B]+0.005, C content 
is lower than the range specified by this invention. It is not satisfied with the point that Steel Q 
has high C content and Ti and B are not added of the conditions specified by this invention. 
Steel R is S35C of a JIS steel type, and is not satisfied with the point that Ti and B are not 
added of the conditions specified by this invention. Steel S is not satisfied with the point that 
there are many amounts of N and Ti and B are not added of the conditions specified by this 
invention. Steel T and U is steel with which are not satisfied of [%P] <=6x[%B]+0.005. 
[0033] 
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[0034] The steel ingot which cast and obtained each molten steel was hot-rolled, and it 
considered as the hot-rolling plate of 4.0mm of board thickness. After holding a hot-rolling plate 
at 900 degrees C for soak 1 5 minutes, it held at 300-500 degrees C for 30 minutes, and was 
made the bainite texture. About a part of steel L-N, annealing of soak 20 hours was given at 700 
more degrees C, and it was made the balling-up carbide organization. The front face of the test 
piece cut down from each steel plate was ground with the emery paper with which the yarn 
counts differ, and the sample which changed surface roughness was prepared. And after heat- 
treating under electron beam exposure conditions with a part [ for the acceleration voltage of 
60kV, the beam current of 70mA, the beam amplitude frequency of 1.5kHz ? and exposure speed 
4m/], and an exposure width of face of 10mm, visual observation of the crater-like surface 
discontinuity generated in the heat treatment section was carried out and it asked for the 
crateHike surface-discontinuity generating number per unit area (/cm2). 

[0035] At the test numbers 51-58 (example of this invention) which adjusted surface roughness 
to 0.5-4.7 micrometers of Ra as seen in the table 6 showing the relation between the surface 
roughness of a raw material steel plate, and the crater-like defective generating number, the 
crater-like surface-discontinuity generating number of the heat treatment section is 2 0-2 
pieces/cm. It has become and the good front face was presented. On the other hand, at the test 
numbers 59-64 (example of a comparison) to which surface roughness was coarsely adjusted 
with 5.7-13.5 micrometers of Ra, the crater-like surface-discontinuity generating number of the 
heat treatment section is 2 9-1 7 pieces/cm. As compared with the example of this invention, 
remarkably, and it had become surface [ poor ]. 
[0036] 
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[0037] Furthermore, the test piece was heat-treated for the test piece cut down from each 
steel plate by the electron beam exposure with a part [ for the acceleration voltage of 60kV f the 
beam current of 70mA, the beam amplitude frequency of 1.5kHz, and exposure speed 4m/], and 
an exposure width of face of 10mm, and the cross section hardness of the heat treatment 
section was measured. And the distance to the location blank test piece front face where the 
hardness equivalent to 80% of maximum hardness is obtained was measured, and it considered as 
the depth of a hardening layer. Moreover, after carrying out the electron beam exposure of front 
flesh-side both sides of a test piece on conditions with a part [ for the acceleration voltage of 
60kV, the beam current of 70mA, the beam amplitude frequency of 1.5kHz and exposure speed 
4m/3, and an exposure width of face of 30mm, the fatigue limit was measured by the same 
fatigue test as an example 1. 

[0038] As compared with the test number 77 (the example of a comparison, steel R) of the 
almost same C content, the hardening layer was as deep as about 340 micrometers, and the 
fatigue property was also excellent in test numbers 65 and 66 (example of this invention) so that 
the results of an investigation of a table 7 might see. Although test numbers 67, 68, 71, and 72 
(example of this invention) have C content as low as about 0.2 % of the weight as compared with 
0.35 % of the weight of C contents of a test number 77 (the example of a comparison, steel R), 
the deep hardening layer is formed. Although C content of maximum hardness was almost 
equivalent at the test numbers 65-70 made into the bainite texture although test numbers 73-75 
(example of a comparison) made steel L-N the balling-up carbide organization, respectively as 
compared with the thing of this level, raw material reinforcement was low, and since the 
hardening layer was shallow, moreover, fatigue strength was falling. Test numbers 69 and 70 
(example of this invention) had the hardening layer as deep as 360 micrometers as compared 
with the test number 78 (the example of a comparison, steel S) of the almost same C content, 
and since there was also little crater-like surface discontinuity, the remarkably excellent fatigue 
property was shown, test numbers 79 and 80 (example of a comparison) any — [%P] <=6x [%B] 
the conditions of +0.005 are satisfied — not having — the test numbers 65 and 66 (example of 
this invention) with respectively almost same C content And test numbers 69 and 70 (example of 
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fhis invention) The fatigue limit is low although it has the hardening layer depth of the same 
level. In the test number 76 (example of a comparison), since there were few C contents than 
the minimum specified by this invention, the hardening layer was also shallow low, and maximum 
hardness is on a actual activity and caused trouble. 
[0039] 
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[0040] 

[Effect of the Invention] As explained above, the low-alloy-steel steel plate of this invention 
maintains the front face of the heat treatment section in which the alloy content was adjusted, it 
considered as the ferrite + pearlite mixing organization, the ferrite + bainite mixing organization, 
or the bainite texture, the deep hardening layer was formed in by heat treatment by high density 
energy beam exposure, and the hardening layer was moreover formed good, and is raising the 
fatigue property after heat treatment Thus, the low-alloy-steel steel plate of this invention is 
conjointly used as parts for various machines including the components for automobile loading 
with excelling in workability. 


[Translation done.] 
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1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 


TECHNICAL FIELD 


[Industrial Application] After this invention irradiates high density energy beams, such as an 
electron beam, and heats the steel plate surface section, it is suitable for rapid heat treatment 
which forms a hardening layer in a surface by carrying out sell^cooling, and it relates to the low- 
alloy-steel steel plate excellent in the fatigue property after heat treatment. 


[Translation done.] 
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PRIOR ART 


[Description of the Prior Art] It was common to perform hardening processing of carburization, 
nitriding, etc. to plain steel in the machine part for automobile loading, in order to secure 
reinforcement, a fatigue property, and abrasion resistance, or to have used special steel, carrying 
out hardening annealing. In recent years, in order to plan cost reduction, the approach of carrying 
out local heat treatment only of the part where reinforcement, a fatigue property, toughness, 
abrasion resistance, etc. are demanded is adopted. As local heat treatment the approach of 
carrying out high frequency induction heating of the need part, the method of irradiating a high 
density energy beam and heating it, etc. are adopted. Especially the heat-treating method using 
a high density energy beam has the advantage which can heat-treat only the necessary minimum 
part of components with a complicated configuration. 

[0003] In heat treatment using a high density energy beam, while optimizing the workability and 
reinforcement of a raw material according to the components and part to apply, it is required 
that the fatigue property according to desired reinforcement and a desired application, abrasion 
resistance, etc. should be given to the heat treatment section by which the high density energy 
beam exposure was carried out. About the workability of a raw material, even if it is a hard 
bainite texture and the low pearlite organization of deformability as compared with the 
organization where carbon steel with a difficulty also has a spheroidal carbide in workability with 
an advance of a processing technique depending on a processing gestalt conventionally, it is 
becoming processible. 

[0004] However, the workability of a steel plate with a pearlite organization is still low, and 
although workability like a steel plate with a balling-up carbide organization is not needed, it is 
required that workability should be improved as much as possible. Furthermore, it is necessary to 
raise material properties, such as heat treatability using a high density energy beam, and a 
fatigue property after heat treatment. Moreover, to use special steel for the severe application 
of processing, while raising workability by considering as a balling-up carbide organization and it 
is required to raise the heat treatability using a high density energy beam exposure, in the case 
of bending, slight spinning, bulging, burring, etc., importance is not attached so much to 
workability, but improvement in the heat treatability by the high density energy beam, 
improvement in the fatigue property after heat treatment, etc. are required rather. Furthermore, 
since the heat treatment section heated by the high density energy beam exposure is high- 
intensity-ized, it is necessary to change a front face into a smooth condition as much as 
possible from a fatigue property or a wear-resistant viewpoint. 

[0005] The approach of forming a hardening layer in a steel plate front face by high density 
energy beam exposure is introduced to JP,10-121125,A. By this approach, using an electron 
beam as a high density energy beam, if it puts in another way in the depth of melting and the 
coagulation section at the time of heat treatment, and a heat affected zone, the depth of a 
hardening layer will be secured. An object steel type is a comparatively general steel type called 
tool steel, such as alloy steel, such as carbon steel, such as S50C and S10C, SNCM, and SCR, 
SCM, and SK, SKS, and is not a steel type in consideration of the heat treatability by high 
density energy beam exposure, or the workability and the moldability before heat treatment 
Moreover, by optimizing the output of a high density energy beam, and irradiation time according 
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to the width of face of the fusion zone by high density energy beam exposure, and working 
speed, flapping on the front face of a steel plate is controlled, and maintaining the surface state 
of the surface treatment section influenced by the melting depth good is also indicated. 
However, in heat treatment using a high density energy beam, it lenticulated from the result of 
the examination and research by this invention person etc., crateHike surface discontinuity 
arose also in except, and it became clear to degrade the engine performance. 
[0006] The method of performing heat treatment penetrated in the direction of board thickness 
is also learned, using a laser beam as a high density energy beam (JP,6-73438,A, JP.6-73439A 
JP.6-73440.A, JP,6-73441,A, JP.6-73442A JP,6-73443,A). For example, in JP.6-73440A the 
steel plate in which heat treatment by laser beam exposure is possible is introduced, maintaining 
the balance of workability and the amount of on-the-strength lifting according to a convention of 
an alloy content about a steel plate with a pearlite or a cementite, and a ferrite. Moreover, in 
JP,6-73438,A, the heat treatability by the laser beam exposure aiming at the balance of 
workability and the amount of on-the-strength lifting is improved by ac{justing the alloy content 
of a steel plate with bainite and a ferrite. However, although the surface state of neither after a 
laser beam exposure is also clear and reinforcement is taken up about the material property 
after a laser beam exposure, it is not indicated about a fatigue property. 


[Translation done.] 
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EFFECT OF THE INVENTION 


[Effect of the Invention] As explained above, the low-alloy-steel steel plate of this invention 
maintains the front face of the heat treatment section in which the alloy content was adjusted, it 
considered as the ferrite + pearlite mixing organization, the ferrite + bainite mixing organization, 
or the bainite texture, the deep hardening layer was formed in by heat treatment by high density 
energy beam exposure, and the hardening layer was moreover formed good, and is raising the 
fatigue property after heat treatment. Thus, the low-alloy-steel steel plate of this invention is 
conjointly used as parts for various machines including the components for automobile loading 
with excelling in workability. 


[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 


TECHNICAL PROBLEM 


[Problem(s) to be Solved by the Invention] Thus, in heat treatment using the high density energy 
beam exposure currently indicated conventionally, the depth (depth of a hardening layer) of 
melting, the coagulation section, and a heat affected zone is enlarged more, and the surface 
treatment section influenced by the melting depth is maintained at a good surface state, and it is 
not clarified enough about the steel plate which was further excellent in the fatigue property 
after heat treatment. Then, this invention enlarges more the depth of the hardening layer 
produced by the exposure of a high density energy beam, maintains the surface state of the 
surface treatment section influenced by the melting depth good, and aims at offering the steel 
plate which was further excellent in the fatigue property after heat treatment 


[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 


MEANS 


[Means for Solving the Problem] In order that the low-alloy-steel steel plate of this invention 
may attain the object, C: 0.1 5 - 0.50 % of the weight, Si: 0.30 or less % of the weight, Mn: 0.3 - 
1.0 % of the weight, P:0.03 % of the weight or less, S:0.01 % of the weight or less, Ti:0.01-0.15 % of 
the weight, B:0.0005 - 0.0050 % of the weight, N:0.01 % of the weight or less, aluminum:0.02-0.10 
% of the weight, and CrrO-0.5 % of the weight are included. The remainder has substantially the 
presentation which is satisfied with Fe of [%P] <=6x[%B]+0.005, a mixed organization or a bainite 
texture with a ferrite, a pearlite, or bainite is presented, and it is characterized by adjusting 
surface roughness to Ra<=5micrometer. 


[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 


OPERATION 


[Function] this invention person etc. investigated and studied many things about the conditions 
from which the low alloy steel which was excellent in workability and was excellent in the heat 
treatability by high density energy beam exposure and the fatigue property after heat treatment 
is obtained. It is estimated that what has the deeper hardening layer in the direction of board 
thickness formed by heat treatment is better as for the heat treatability by high density energy 
beam exposure. If a hardening layer is deep, abrasion resistance and endurance improve, and 
since surface compressive residual stress can be enlarged, fatigue strength will also improve. 
Then, this invention person etc. heat-treated the steel plate which has various presentations, 
using an electron beam as a high density energy beam, and investigated the effect an alloy 
presentation affects heat treatability. Consequently, to common carbon steel and steel for 
machine structural use, it solved it was effective to make it a ferrite + pearlite organization, a 
ferrite + bainite texture, or a bainite texture rather than having considered a raw material as a 
balling-up carbide organization. 

[0010] If the steel plate of a ferrite + pearlite organization, a ferrite + bainite texture, or a bainite 
texture is heat-treated by high density energy beam exposure, when heated more than the 
alpha->gamma transformation point, since a pearlite and bainite are quicker than a spheroidal 
carbide, as for the rate which dissolves in gamma, a hardening layer will become deeper. 
Moreover, in a steel plate with a ferrite + pearlite organization, a ferrite + bainite texture, or a 
bainite texture, if C, Si, Mn, and the amount of CKs) are adjusted so that workability may not be 
degraded, and hardenability is further raised by B addition of optimum dose, a still deeper 
hardening layer will be formed. 

[001 1] The shape of table planarity of a hardening layer is influenced by the surface roughness 
of a raw material steel plate. If the surface roughness before heat treatment is large, it will 
become easy to generate crateHike surface discontinuity on the heat-treated steel plate front 
face. In case the bottom of the crevice in a steel plate front face fuses generating of crater-like 
surface discontinuity by high density energy beam exposure, it is guessed that a cause is to 
involve in the gas generated from the fats and oils which remained at atmospheric air or a 
bottom, dirt, etc. CrateHike surface discontinuity presents the notch effect which degrades a 
fatigue property while having an adverse effect on abrasion resistance. The research result by 
this invention person etc. showed not generating on the steel plate front face after the crater- 
like surface discontinuity which has an adverse effect on abrasion resistance or a fatigue 
property heat-treating, when setting surface roughness of a raw material steel plate to 
Ra<=5micrometer. 

[0012] Adjustment of P and B can be considered as a general policy which improves a fatigue 
property of a minute amount addition component. That is, the amount of P which it segregates 
[ amount ] to a grain boundary and promotes embrittlement is reduced, and if B which 
segregates to a grain boundary and strengthens a grain boundary is added, a fatigue property will 
improve. Reduction and B addition of the amount of P do not have an adverse effect on the 
workability of the steel plate before heat treatment, either. However, reduction of the amount of 
P becomes disadvantageous economically in a steel-manufacture phase. Then, the steel plate to 
which various the amounts of P and the amounts of B were changed was heat-treated by the 
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electron beam exposure, the fatigue test of a bending type was presented, and the balance of 
the amount effective in a fatigue limit improvement of P and the amount of B was investigated in 
the detail. Consequently, in the component system specified by this invention, when forming not 
only reduction and B addition of the simple amount of P but the relation of [%P] <=6x[%B]+0.005 
between the amount of P f and the amount of B, it turned out that fatigue strength is improved 
further, without having an adverse effect on workability. 

[0013] As an index of the general improvement in workability, it is mentioned that reinforcement, 
such as hardness and tensile strength, is low, that the elongation acquired by the usual tension 
test is large, etc. In addition to usual blanking nature and bending nature, for the application to 
which heat treatment by high density energy beam exposure is performed, local ductility, such as 
hole expansion property and fine-blanking nature, is needed in many cases. It turned out that 
local ductility has notch **** elongation and a strong correlation from the result of the 
examination and research by this invention person etc. 

[0014] The quality of fine-blanking processing as which local ductility is required is judged with 
the generation difficulty of the fracture surface in a blanking side. It is thought that generation of 
the fracture surface is sensitively caused by the very local defect produced during processing 
deformation. In hole expansion property, local deformation (burring) is further added to the part 
which deformed locally by stamping. Therefore, hole expansion property and fine-blanking nature 
have the notch **** elongation (EIV value) which is the index of local ductility, and a strong 
correlation. In a carbon steel plate, it is mentioned to the cause of generation of a defect with 
local growth (connection) of the micro void produced with carbide (cementite) as the starting 
point. It is thought that adjustment of this point, the hole expansion property of a carbon steel 
plate, and the metal texture where generation and growth of a micro void will be controlled as 
much as possible by improvement of notch **** elongation at the time of processing 
deformation if it puts in another way is important. It is imagined to be the cause that the micro 
defect to which it does not affect other workability that notch **** elongation is not necessarily 
similarly improved with an improvement of other general workability influences sensitively to 
notch **** elongation. 

[0015] If it was in the steel plate with a ferrite + pearlite organization as a result of repeating 
various experiments based on such consideration, when making a ferrite and a pearlite detailed, 
connection of the micro void which generated the pearlite as an origin was controlled, and it 
checked that local ductility, i.e., notch **** elongation, such as hole expansion property and 
fine-blanking nature, was improved notably. In case the hot-rolled steel strip is rolled round for 
detailed-ization of a ferrite and a pearlite, low-temperature rolling up of 600 degrees C or less is 
preferably effective in it Although lowering of the amount of C and the amount of Mn is 
advantageous to an improvement of notch **** elongation among the components of a steel 
plate, lowering of the amount of C and the amount of Mn is easy to degrade heat treatability, 
such as reservation of hardenability and hardening hardness. In order to control lowering of heat 
treatability and to improve notch **** elongation, the addition of Ti, B, Cr, etc. of optimum dose 
is effective. If the quality governing of Ti, B, the Cr, etc. is added and carried out, the heat 
treatability by high density energy beam exposure will also improve. 

[0016] Hereafter, an alloy content, a content, etc. which are contained in this invention steel 
plate are explained. 

C content is aimed at the medium carbon steel in the range which is 0.15 - 0.50 % of the weight 
for C:0.15 - 0.50-% of the weight this invention. C is a basic alloy content most in carbon steel, 
and hardening hardness, the amount of carbide, etc. are sharply changed according to C content 
Notch **** elongation improves so that C content is low, but in order to secure sufficient 
hardening hardness, 0.15 % of the weight or more is required. However, if C of the excessive 
amount exceeding 0.50 % of the weight is contained, the manufacturability and the handling 
nature of a steel strip not only worsen, but the toughness after hot-rolling will fall and notch 
**** elongation sufficient after annealing will not be acquired. Therefore, C content was set to 
0.1 5 - 0.50% of the weight of the range from from [ when obtaining the steel plate which has the 
moderate hardening hardness and the workability by high density energy beam exposure ]. 
[0017] Si: It is the alloy content which affects the notch **** elongation which is local ductile 
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indexes, such as 0.30 or less % of the weight hole expansion property and fine-blanking nature, 
and Si of the excessive amount exceeding 0.30 % of the weight hardens a ferrite or bainite 
according to a solid-solution-strengthening operation, and causes crack generating at the time 
of a fabricating operation. Moreover, it becomes easy to generate a scale crack on a steel plate 
front face in a manufacture process with the increment in Si content, and the surface quality of 
a steel plate is reduced. 

Mn: Raise the hardenability of a steel plate 0.3 to 1.0% of the weight and it is an alloy content 
effective also in toughening. In order to acquire sufficient hardenability, 0.3% of the weight or 
more of Mn is required. However, if Mn of the excessive amount exceeding 1.0 % of the weight is 
contained, a ferrite or bainite will harden and workability will fall. 

[0018] although it is the component which has an adverse effect on a fatigue property P:0.03 or 
less % of the weight, until allowance is carried out to some extent by balance adjustment with 
the amount of B. However, if P content exceeds 0.03 % of the weight, the inclination to degrade 
ductility and toughness will become large irrespective of balance adjustment with the amount of 

B. 

It is the injurious ingredient which forms MnS system inclusion S:0.01 or less % of the weight 
Since notch **** elongation will fall if MnS system inclusion increases in number, S content is 
so desirable that it is low as much as possible. However, if it adjusts to the organization of a 
ferrite + pearlite, there is no need for the formation of supeHow S, and even if it is common 
commercial steel, fine-blanking nature and notch **** elongation will be improved. However, 
even if it is in the steel plate which raised C content to about 0.50 % of the weight, in order to be 
stabilized and to secure high notch **** elongation, the upper limit of S content is specified to 
0.01% of the weight. Moreover, in order to be stabilized and to obtain a steel plate with the 
dramatically excellent notch **** elongation, it is desirable to **** S content to 0.005 or less % 
of the weight 

[0019] Ti: It is the component used for deoxidation adjustment of molten steel 0.01 to 0.15% of 
the weight, and also present denitrification. Moreover, since N which is dissolving in steel is fixed 
as a nitride, the amount required for an improvement of hardenability of validity B is raised. 
Furthermore, carbon nitride effective in the coarsening prevention at the time of hardening is 
formed. In order to be stabilized and to acquire these operations, 0.01% of the weight or more of 
Ti is required However, Ti of the excessive amount exceeding 0.15 % of the weight is not only 
economically disadvantageous, but becomes the cause of degrading local ductility, i.e., notch 
**** elongation. 

It is an alloy content required in order to present the operation which raises heat treatability 
substantially by addition of ultralow volume B:0.0005 to 0.0050% of the weight, to be stabilized 
and to obtain hardening hardness. Although such an operation becomes remarkable with 0.0005% 
of the weight or more of B content, it is saturated with the 0.0050 % of the weight of the 
amounts of B, and even if it adds B exceeding 0.0050 % of the weight, toughness deteriorates on 
the contrary. 

[0020] It is the alloy content which presents the operation which combines with Ti N:0.01 or less 
% of the weight serves as TiN, and makes detailed crystal grain at the time of hardening. 
However, if N content exceeds 0.01 % of the weight, ductility will fall. Moreover, superfluous N 
combines with B and consumes the amount effective in an improvement of hardenability of B. 
aluminum: 0.02 - 0.10-% of the weight aluminum is a component used as a deoxidizer of molten 
steel, and also present the operation which fixes N as AIN. Such an operation becomes 
remarkable with 0.02% of the weight or more of aluminum content However, if the amount of 
aluminum in steel exceeds 0.10 % of the weight, the cleanliness of steel will become easy to 
generate a surface crack in a disadvantage crack and a steel plate. 

Cr It is the alloy content added if needed 0.5 or less % of the weight and while improving 
hardenability, enlarge resistance to temper softening. However, addition of Cr of the excessive 
amount exceeding 0.5 % of the weight sees the inclination for notch **** elongation and general 
workability to fall. 
[0021] 

[Example 1] The steel of the presentation shown in a table 1 was ingoted. Steel A-D is steel 
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with which are satisfied of the component conditions specified by this invention, and [%P] <=6x[% 
BJ+0.005. Among comparison steel E-K, although Steel E satisfies [%P] <=6x[%B]+0.005, C 
content is lower than the range specified by this invention. It is not satisfied with the point that 
Steel F has high C content and Ti and B are not added of the conditions specified by this 
invention. Steel G is S35C of a JIS steel type, and is not satisfied with the point that Ti and B 
are not added of the conditions specified by this invention. Steel H is not satisfied with the point 
that there are many amounts of N and Ti and B are not added of the conditions specified by this 
invention. Steel I and J is steel with which are not satisfied of [%P] <=6x[%B]+0.005. It is not 
satisfied with the point that Steel K has high Cr content and Ti and B are not added of the 
conditions specified by this invention. 
[0022] 
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[0023] The steel ingot which cast and obtained each molten steel was hot-rolled, and it 
considered as the hot-rolling plate of 4.0mm of board thickness. The hot-rolling organization was 
changed by changing coil rolling-up temperature at the time of hot-rolling. The front face of the 
test piece cut down from each steel plate was ground with the emery paper with which the yarn 
counts differ, and the sample which changed surface roughness was prepared. And after heat- 
treating under electron beam exposure conditions with a part [ for the acceleration voltage of 
60kV, the beam current of 70mA, the beam amplitude frequency of 1.5kHz, and exposure speed 
4m/], and an exposure width of face of 10mm, visual observation of the crater-like surface 
discontinuity generated in the heat treatment section was carried out, and it asked for the 
crateHike surface-discontinuity generating number per unit area (/cm2). 

[0024] At the test numbers 1-8 (example of this invention) which adjusted surface roughness to 
0.2-4.8 micrometers of Ra as seen in the table 2 showing the relation between the surface 
roughness of a raw material steel plate, and the crateHike defective generating number, the 
crater-like surface-discontinuity generating number of the heat treatment section is 2 0-2 
pieces/cm. It has become and the good front face was presented. On the other hand, at the test 
numbers 9-14 (example of a comparison) to which surface roughness was coarsely adjusted with 
5.6-14.7 micrometers of Ra, the crater-like surface-discontinuity generating number of the heat 
treatment section is 2 9-19 pieces/cm. As compared with the example of this invention, 
remarkably, and it had become surface [ poor ]. 
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[0026] Furthermore, the test piece was heat-treated for the test piece cut down from each 
steel plate by the electron beam exposure with a part [ for the acceleration voltage of 60kV, the 
beam current of 70mA, the beam amplitude frequency of 1.5kHz, and exposure speed 4m/l and 
an exposure width efface of 10mm, and the cross section hardness of the heat treatment 
section was measured. And the distance to the location blank test piece front face where the 
hardness equivalent to 80% of maximum hardness is obtained was measured, and it considered as 
the depth of a hardening layer. Moreover, after carrying out the electron beam exposure of front 
flesh-side both sides of a test piece on conditions with a part [ for the acceleration voltage of 
60kV, the beam current of 70mA, the beam amplitude frequency of 1.5kHz and exposure speed 
4m/], and an exposure width of face of 30mm, the fatigue limit was measured by both the swing 
fatigue test (frequency of 23Hz) of plane bending. 

[0027] As compared with the test number 27 (the example of a comparison, steel G) of the 
almost same C content, the hardening layer was as deep as about 350 micrometers, and the 
fatigue property was also excellent in test numbers 1 5 and 1 6 (example of this invention) so that 
the results of an investigation of a table 3 might see. Although test numbers 17, 18, 21, and 22 
(example of this invention) have C content as low as about 0.2 % of the weight as compared with 
0.34 % of the weight of C contents of a test number 27 (the example of a comparison, steel G), 
the deep hardening layer is formed Test numbers 1 9 and 20 (example of this invention) had the 
deep hardening layer as compared with the test number 28 (the example of a comparison, steel 
H) of the almost same C content, and the fatigue property was also excellent 
[0028] test numbers 29 and 30 (example of a comparison) any — [%P] <=6x [%B] the conditions 
of +0.005 are satisfied — not having — the test numbers 15 and 16 (example of this invention) 
with respectively almost same C content And test numbers 19 and 20 (example of this invention) 
The fatigue limit is low although it has the hardening layer depth of the same level. Although test 
numbers 23-25 (example of a comparison) make steel A-C a balling-up carbide organization, 
respectively, as compared with the test numbers 1 5-20 (example of this invention) with a ferrite 
+ pearlite organization, a hardening layer is shallow and the fatigue limit is also low. In the test 
number 26, since there were few C contents than the minimum specified by this invention, the 
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hardening layer was also shallow low, and maximum hardness is on a actual activity and caused 

trouble. 

[0029] 
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[0030] Furthermore, various rolling-up temperature after hot-rolling was changed, and the effect 
to which rolling-up temperature does to the notch **** elongation of a steel plate was 
investigated. By the notch tension test, it is JIS. The tensile test was carried out to the 
crosswise both sides in the parallel part longitudinal direction mid gear of a No. 5 test piece using 
the test piece in which 45 aperture angles and a V notch with a depth of 2mm were formed. And 
EIV which asked for the elongation percentage to 5mm of gauge length containing a V notch 
after fracture of a test piece, and was obtained The value estimated workability. Results of an 
investigation are shown in a table 4. Test numbers 31-38 (example of this invention) are high EIV 
as compared with the test numbers 39 and 40 (example of this invention) to which steel A-D is 
rolled round, and it hot-rolls at the temperature of 600 degrees C or less, and rolls round by the 
same steel type, and temperature exceeds 600 degrees C. The value is shown and it turns out 
that it excels in local ductility. On the other hand, it is EIV even if it rolls round so that test 
numbers 43 and 44 (example of a comparison) may see, when the steel G and H with which are 
not satisfied of the component conditions specified by this invention is used, and temperature is 
600 degrees C or less. The value is low. Moreover, at the test numbers 45 and 46 (example of a 
comparison) rolled round at the temperature which exceeds 600 degrees C r using the steel F and 
K with many C contents and Cr contents, it is EIV. The value was as low as 22% and 27%, and 
inferior to workability. 
[0031] 
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[0032] 

[Example 2] The steel of the presentation shown in a table 5 was ingoted. Steel L-0 is steel with 
which are satisfied of the component conditions specified by this invention, and [%P] <=6x[%B] 
+0.005. Among comparison steel P-U, although Steel P satisfies [%P] <=6x[%B]+0.005, C content 
is lower than the range specified by this invention. It is not satisfied with the point that Steel Q 
has high C content and Ti and B are not added of the conditions specified by this invention. 
Steel R is S35C of a JIS steel type, and is not satisfied with the point that Ti and B are not 
added of the conditions specified by this invention. Steel S is not satisfied with the point that 
there are many amounts of N and Ti and B are not added of the conditions specified by this 
invention. Steel T and U is steel with which are not satisfied of [%P] <=6x[%B]+0.005. 
[0033] 
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C 
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Mn 

P 

S 

Cr 

Ti 

B 

Al 
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L 

0.36 

0.04 

0.33 

0.011 

0.005 

0.29 

0.02 

0.0045 

0.030 

0.0035 

0.032 

* 

M 

0.23 

0.25 

0.50 

0.020 

0.003 

0.42 

0.05 

0.0033 

0.022 

0.0033 

0.025 

ft 

N 

0.48 

0.01 

0.34 

0.009 

0.008 

0.11 

0.03 

0.0040 

0.038 

0.0024 

0.029 

m 

0 

0.20 

0.06 

0.88 

0.006 

0.004 

0.47 

0.11 

0.0008 

0.027 

0.0032 

0.010 

m 

P 

0.12 

0.33 

0.52 

0.011 

0.006 



0.05 

0.0031 

0.020 

0.0034 

0.024 


Q 

0.65 

0.25 

1.23 

0.010 

0.005 





0.024 

0.0030 



R 

0.35 

0.23 

0.71 

0.013 

0.009 

— 




0.021 

0.0033 



it 
m 

S 

0.46 

0.24 

0.55 

0.025 

0.012 




0.033 

0.0280 


T 

0.35 

0.06 

0.31 

0.035 

0.006 

0.35 

0.03 

0.0036 

0.030 

0.0025 

0.027 


U 

0.45 

0.08 

0.44 

0.017 

0.007 


0.03 

0.0007 

0.024 

0.0260 

0.009 



X(i=6xB + 0. 005 


[0034] The steel ingot which cast and obtained each molten steel was hot-rolled, and it 
considered as the hot-rolling plate of 4.0mm of board thickness. After holding a hot-rolling plate 
at 900 degrees C for soak 1 5 minutes, it held at 300-500 degrees C for 30 minutes, and was 
made the bainite texture. About a part of steel L-N, annealing of soak 20 hours was given at 700 
more degrees C, and it was made the balling-up carbide organization. The front face of the test 
piece cut down from each steel plate was ground with the emery paper with which the yarn 
counts differ, and the sample which changed surface roughness was prepared. And after heat- 
treating under electron beam exposure conditions with a part [ for the acceleration voltage of 
60kV, the beam current of 70mA, the beam amplitude frequency of 1.5kHz, and exposure speed 
4m/], and an exposure width efface of 10mm, visual observation of the crateHike surface 
discontinuity generated in the heat treatment section was carried out, and it asked for the 
crater-like surface-discontinuity generating number per unit area (/cm2). 

[0035] At the test numbers 51-58 (example of this invention) which adjusted surface roughness 
to 0.5-4.7 micrometers of Ra as seen in the table 6 showing the relation between the surface 
roughness of a raw material steel plate, and the crateHike defective generating number, the 
crater-like surface-discontinuity generating number of the heat treatment section is 2 0-2 
pieces/cm. It has become and the good front face was presented. On the other hand, at the test 
numbers 59-64 (example of a comparison) to which surface roughness was coarsely adjusted 
with 5.7-13.5 micrometers of Ra, the crater-like surface-discontinuity generating number of the 
heat treatment section is 2 9-17 pieces/cm. As compared with the example of this invention, 
remarkably, and it had become surface [ poor ]. 
[0036] 
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1 

* 
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L 

6.0 
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15 
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6.7 

9 

62 

N 

7.8 

11 

« 

63 

N 

13.5 

17 


64 

0 

7.3 

9 



[0037] Furthermore, the test piece was heat-treated for the test piece cut down from each 
steel plate by the electron beam exposure with a part [ for the acceleration voltage of 60kV, the 
beam current of 70mA, the beam amplitude frequency of 1.5kHz, and exposure speed 4m/], and 
an exposure width of face of 10mm, and the cross section hardness of the heat treatment 
section was measured. And the distance to the location blank test piece front face where the 
hardness equivalent to 80% of maximum hardness is obtained was measured, and it considered as 
the depth of a hardening layer. Moreover, after carrying out the electron beam exposure of front 
flesh-side both sides of a test piece on conditions with a part [ for the acceleration voltage of 
60kV, the beam current of 70mA, the beam amplitude frequency of 1.5kHz and exposure speed 
4m/], and an exposure width of face of 30mm, the fatigue limit was measured by the same 
fatigue test as an example 1 . 

[0038] As compared with the test number 77 (the example of a comparison, steel R) of the 
almost same C content, the hardening layer was as deep as about 340 micrometers, and the 
fatigue property was also excellent in test numbers 65 and 66 (example of this invention) so that 
the results of an investigation of a table 7 might see. Although test numbers 67, 68, 71, and 72 
(example of this invention) have C content as low as about 0.2 % of the weight as compared with 
0.35 % of the weight of C contents of a test number 77 (the example of a comparison, steel R), 
the deep hardening layer is formed. Although C content of maximum hardness was almost 
equivalent at the test numbers 65-70 made into the bainite texture although test numbers 73-75 
(example of a comparison) made steel L-N the balling-up carbide organization, respectively as 
compared with the thing of this level, raw material reinforcement was low, and since the 
hardening layer was shallow, moreover, fatigue strength was falling. Test numbers 69 and 70 
(example of this invention) had the hardening layer as deep as 360 micrometers as compared 
with the test number 78 (the example of a comparison, steel S) of the almost same C content, 
and since there was also little crater-like surface discontinuity, the remarkably excellent fatigue 
property was shown, test numbers 79 and 80 (example of a comparison) any — [%P] <=6x [%B] 
the conditions of +0.005 are satisfied — not having — the test numbers 65 and 66 (example of 
this invention) with respectively almost same C content And test numbers 69 and 70 (example of 
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* Air 

this invention) The fatigue limit is low although it has the hardening layer depth of the same 
level. In the test number 76 (example of a comparison), since there were few C contents than 
the minimum specified by this invention, the hardening layer was also shallow low, and maximum 
hardness is on a actual activity and caused trouble. 
[0039] 
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[Translation done.] 
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